Melatonin, a major hormone of pineal gland, was recently show to attenuate acute gastric lesions induced by strong irritants because of the scavenging of free radicals. The effect of melatonin on burninduced gastric mucosal injury due to the skin burn is unclear. PURPOSE: This study investigated heme oxygenase-1 and markers linked with oxidative stress in gastric mucosa and the effect of melatonin in burn rat model. METHODS: Melatonin was applied immediately and 12 hours after 30% of total body surface area burns. Using light immunohistochemistry the expression of gastric mucosal inducible nitric oxide synthase (iNOS) and heme oxygenase (HO-1) was found out. Malondialdehyde (MDA) as a marker of oxidative injury was determined in gastric mucosa by the thiobarbituric acid method. RESULTS: Gastric MDA and iNOS levels were increased significantly after severe burn (p<0.05, p<0.0001, respectively). The increased HO-1 expression in the burned group was found out (p<0.05). Melatonin restricted the increased MDA (p<0.05) and iNOS (p<0.05) levels, and augmented the increase in HO-1 expression in gastric mucosa (p<0.05). In conclusion, melatonin ameliorates gastric mucosal injury via induction of antioxidant enzyme HO-1 and inhibition of oxidative stress beyond local burn skin injury.
INTRODUCTION
Thermal skin injury leads to local tissue destruction and adaptive response with is associated with splanchnic vasoconstriction, polymorphonuclear (neutrophils, macrophages) cells infiltration. Ischemia and consequently reperfusion and PMN activation initiated series events including proinflammatory cytokines secretion and generation of reactive oxygene species (ROS) and reactive nitrogen species (RNS) too (1) .
Although the exact mechanism involved in burn-induced mucosal damage is not clear yet, increasing evidences indicates decreased gastric mucosal blood flow, local and systemic liberation of cytokines and reactive oxidant intermediaries and changes in production of nitric oxide (NO) and prostaglandins (PGs) as a factor of mucosal damage (2) (3) (4) Heme oxygenase 1 (HO-1) as one of the two isoforms of heme oxygenase is expressed constitutively in normal gastrointestinal tract (GIT). Induction of HO-1 is recently identified as an important cellular mechanism against oxidative stress (5, 6) . HO-1 expression is elicited in response to hypoxia, ischemia and exposure to proinflammatory cytokines, nitric oxide (NO) and heme (7) . Recent studies indicate that HO-1, also known as heat shock proteins HSP32, may play an important role in gastrointestinal tissues protection by ischemia reperfusion, ethanol and non-steroidal antiinflammatory drugs (NSAID) (8) (9) (10) (11) . Drugs such as sofalkone and zinc-I-carnosin may protect against gastrointestinal injury by HO-1 induction (12, 13) . The role of HO-1 in burninduced gastric mucosal injury remains unclear.
Melatonin (N-acetyl-5-methoxy tryptamine), a basic secretory product of the pineal gland, has a wide variety of biological activity including antioxidant and anti-inflammatory effects (14, 15) . Melatonin is powerful antioxidant and scavenger, especially of reactive oxygen and nitrogen species restricting their proinflammatory and membrane-damaging effect (16) . It stimulates expression of antioxidant enzymes including Cu/Zn superoxide dismutase (Cu/ZnSOD) and glutathione peroxidase (GSH-Px) (17, 18) . Melatonin inhibites secretion of pro-inflammatory cytokines and acute phase protein secretion and enzymes with pro-inflammatory and prooxidant action, such as inducible nitric oxide synthase (iNOS) (19) (20) (21) .
Melatonin was originally implicated in the mechanism of gastric mucosal integrity and in gastric protection against various irritants such as ethanol, stress, NSAID (e.g. aspirin) and ischemia/reperfusion (22) . Melatonin enhances gastric mucosal flow and attenuates neutrophil infiltration, oxygen intermediate cytotoxicity and prooxidative damage of gastric mucosa. These effects of melatonin are mediated in part by NO/NOS and PG/COX systems.
The aim of the present study was to explore the protective effect of melatonin on gastric mucosal injury by assessing the expression of HO-1 and other oxidative stress related markers (MDA and iNOS) in burn rat model.
MATERIALS AND METHODS Animals
All procedures were conducted in compliance with the national laws and policies, in conformity with the international guidelines. Age-matched male rats weighing between 220 and 250 g fasted for 12 h were allowed free access to water before injury. Animals were housed in a 20 o C and offered rat food and water ad libitum. They were kept in dark/light cycles (DL = 12/12 h) in individual wirebottomed cages. Thus, lights were turned off at 8:00 p.m. and turned on at 8:00 a.m. for achieving satisfactory photoperiod.
Thermal injury and melatonin treatment
After light ether inhalation, general anesthesia was performed using thiopental (30 mg/kg i.p.). In order to accomplish 30% of third degree burn hot boiling water (98 o C) was applied on the back of the animals during a period of 10 sec. For those rats which were subjected to burn injury 4 mL of physiological saline was applied i.p. for immediate resuscitation following burn injury. No animals died within the first 24h of post-burn period. Forty-four male rats were randomly assigned to three groups: non-burned rats (controls (C, n = 6)); burned, non-treated (B, n = 19); and melatonin-treated, burned rats (B + M, n = 19). Either melatonin (N-acetyl-5-methoxy tryptamine, Merck, Germany) in a dose of 10 mg/kg body weight (b.w.), dissolved in vehicle, or vehicle (2% ethyl alcohol diluted in physiological saline in a dose 5 ml/kg) was administered, respectively. Melatonin and vehicle were applied i.p. twice -immediately after burns in the morning between 8:00 a.m. and 9:00 a.m. and 12hours after burn injury. All the animals were given buprenorphine (0.3 mg /kg i.p. b.w.) twice daily for pain control post burn. The animals from the all groups were anesthetized with thiopental and euthanized 24h after burns, and stomach was sampled.
Biochemical analysis
Stomach was gently separated from the underlying tissue and homogenized in 1:5 w/v 50 mM phosphate buffer (pH 7.4) containing 0.1 mM EDTA at 4000 rpm for 10 min. The homogenate was centrifuged at 800 x g rpm for 15 min to discard the sediment and supernatant was frozen until analysis. All the manipulations were performed at 4-8 o C. Analysis was carried out immediately after thawing of the samples.
Membrane lipid peroxidation was assayed by MDA measured by its thiobarbituric acid (TBA) reactivity of stomach homogenate using the method of Porter et al. (23) . Results were expressed as nmol MDA/g tissue. They were determined using the extinction coefficient of MDA-TBA complex at 532 nm = 1.56 x 10 -5 cm -1 M -1 solution.
Immunohistochemistry
Rat stomach specimens were fixed in 10% neutral buffered formalin and embedded in paraffin. The deparaffinized and dehydrated sections (5 μm thick) were treated with 1% hydrogen peroxide for peroxidase activity inhibition for 5 min. Then they were rinsed in 0.1 M phosphate buffered saline (PBS) (pH 7.4) and treated in normal goat serum for 20 min. Subsequently, the sections were incubated with polyclonal primary antibody for 24 h at room temperature. Rabbit anti-iNOS (DAKO, USA) and anti -HO-1 antibody (Santa Cruz, USA) was used. After rinsing with PBS the sections were incubated for 20 min in goat anti-rabbit immunoglobulins at room temperature. Then they were rinsed in PBS again, treated with rabbit peroxidase-antiperoxidase complex for 20min at room temperature and then rinsed in PBS. Finally, peroxidase activity was estimated by the diaminobenzydinetetrachloride H 2 O 2 -method. Negative controls were incubated with nonimmune sera instead of primary antibody. Morphometric method was used to assess quantitatively enzyme contents of iNOS and (24) . iNOS and HO-1 contents of the gastric mucosal cells were defined as the enzyme content of each cell was multiplied by their scoring factors and divided by total number of cells. Morphometric investigation was performed on 100 cells from each sample.
Statistical analysis
GraphPad Prism software 6.0 was used for statistical analysis. The statistical analysis of differences in the iNOS and HO-1 expression levels was performed using the Mann-Whitney test. The statistical significance of difference was evaluated with the Student's t-test for biochemical analysis. Differences were considered to be statistically significant at a p value of < 0.05.
RESULTS

MDA levels in gastric mucosa
In burn group gastric mucosal MDA level was significantly increased by 42% (p<0.05) compared to control group. Melatonin treatment significantly decreased the elevation of MDA in gastric mucosa by 20% (p<0.05) than this of the burned group (Figure 1) . 
iNOS expression in gastric mucosa
The iNOS positive cells in control group were localized mainly in the basal part of gastric mucosa (Figure 2A) . The iNOS expression was low and it was localized in cell cytoplasm. The mean content was 0.64 ± 0.077. In the burned group, iNOS expression was found mainly in the epithelial cells in the upper part of the stomach glands ( Figure 2B ). iNOS immunostaining was cytoplasmic and predominate moderate expression. The mean cell content was 1.53 ± 0.076. It was significantly higher (139%, p< 0.0001) than this of the control group. In the melatonintreated group, iNOS positive cells were localized mainly in the upper half of the gastric mucosa ( Figure 2C ). The expression was cytoplasmic and the mean cell content was 1.28 ± 0.059. It was significantly higher (100%, p< 0.0001) than this of the control group, but was significantly lower (16%, p<0.05) than that in the burned group. The differences of iNOS expression in the groups are presented in Figure 3 . 
HO-1 expression in gastric mucosa
HO-1 expression was low in the control group. Positive for HO-1 were the endothelial cells, which were localized in the upper part of the mucosa ( Figure 2D ). The mean HO-1 cell content was 1.47 ± 0.077. In the burned group, HO-1 content of the endothelial cells was moderate. The localization of HO-1 expression was similar to control group ( Figure 2E ). The mean cell content was 1.73 ± 0.082. It was significantly higher (18%, p<0.05) than this of the control rats. HO-1 expression in the melatonin-treated group was moderate to high. It was found in both endothelial cells and epithelial cells ( Figure  2F ). The mean cell content was 2.02 ± 0.09. It was significantly higher (17%, p<0.05) than this of the burned rats and was significantly higher (37%, p< 0.0001) than that of the control rats too. The differences of HO-1 expression in the groups are presented in Figure 4 . 
DISCUSSION
The present study demonstrates that burn trauma increases levels of oxidative stressrelated marker MDA and HO-1 expression in gastric mucosa. Melatonin treatment decreases burn-induced oxidative mucosal damage and augmented increase of HO-1 expression.
Burn skin injury causes ischemia/reperfusion injury and neutrophil infiltration in splanchnic system which leads to increase production of ROS and proinflammatory mediators (25, 1) . ROS and proinflammatory cytokines activate iNOS, an inducible form of NOS enzymes catalyzing the production of nitric oxide (NO) from L-arginine (26) . In the present study, iNOS is significant increased in gastric mucosa after the thermal injury. Excessive production of NO/iNOS leads to tissue damage and organ dysfunction, because NO reacts with superoxide leading to peroxynitrite formation (27) . Overproduction of ROS/RNS activates lipid peroxidation, evidenced by increased MDA levels in gastric mucosa at 24 hours after burn trauma. It has been reported that the increased lipid peroxidation levels in plasma (19, 28) and gastric mucosa (29) , and the decreased antioxidant defense cause oxidative damage of gastric mucosa, induced by burns (29) , NSAID, ethanol, cold/restraint stress treatment (30) .
Melatonin is free radical scavenger that directly interacts with a variety of oxygen and nitrogen-based radicals -hydrogen peroxide, singlet oxygen, peroxynitrite anion, nitric oxide and hypochlorous acid. Its metabolites participate in the detoxification too (31, 32) . Melatonin administration decreases lipid peroxidation and increases antioxidant enzyme activities in gastric tissues of rats (33) and enhancing HO-1 induction, and reduces tissue injury (34) .
Increased production of ROS/RNS induces adaptive response and increases activity of antioxidant defense system and supported cells homeostasis (35, 36) . While oxidative stress can lead to suppression of antioxidants enzyme activity (SOD, CAT) and decreased levels of GSH (37) (38) (39) . In this manner imbalanced antioxidant system and increased production of ROS/RNS cause gastric mucosal damage, evidenced by histological changes after burn (40) .
ROS/RNS and inflammatory mediators are part of the main HO-1 activators (5, 7). HO-1 catalyses heme degradation producing CO, which has anti-inflammatory properties; biliverdin converted to bilirubin, a powerful antioxidant, by biliverdin reductase (BVR); and free iron bound to the heavy chain ferritin (H-ferritin), another antioxidant molecule. The inducible, redox-sensitive, isoform of HO (HO-1) is involved in protection against inflammation and oxidative stress in different pathological conditions (41) . Our investigations shows that HO-1 expression in gastric mucosa increases after burn trauma (42) .
HO-1 and its products can decrease the activity of transcription factor NF-κB, activity of proinflammatory enzyme iNOS and overproduction of NO (43) . We suggest that a decrease of NO and superoxide production by melatonin inhibits formation of toxic peroxynitrite and has gastroprotective effect under condition of oxidative stress after burn. Our results show that melatonin reduces oxidative gastric mucosal injury by upregulation of antioxidant enzyme HO-1. We can hypothesize that HO-1 induction and followed reducing NO/iNOS production is a new mechanism of melatonin's gastroprotection in burns.
CONCLUSIONS
Skin burn induces oxidative gastric mucosal injury by increased MDA levels and iNOS expression, and adaptive HO-1 expression. Melatonin significantly restricts burn-induced gastric mucosal injury by augmentation of HO-1 expression and decreases the level of other oxidative stress-related markers.
